Many freshwater shrimps (Decapoda, Caridea) have amphidromous life histories, with extended planktonic larval development in the sea. Larvae either are hatched upstream to drift down to the sea or are carried and released there by females. After development, postlarvae (juveniles) must migrate back up to their adult freshwater habitat. An amphidromous life cycle thus involves long distance migrations between marine and fresh waters. Other freshwater shrimps have abbreviated (or direct) larval development (ALD) with a completely freshwater life cycle and without such migrations. The question of which life history pattern (amphidromy versus ALD) is ancestral in freshwater shrimps is discussed in terms of costs, benefits, and phylogeny. Competing hypotheses are presented to explain the unusual distribution of Macrobrachium ohione, an amphidromous shrimp with recently abundant populations located very far (>1500 km) from the sea.
INTRODUCTION
Although the majority of caridean shrimps are marine, approximately 25% of the 3200 species occur in fresh water habitats (De Grave et al., 2007 , 2009 ). The life history of some of these species is completely adapted to fresh water in that all stages of the life cycle occur there. The extended planktonic development of most marine species is abbreviated in these freshwater species, with hatching as advanced larvae and few subsequent larval stages, or is direct, with the embryo hatching out as a postlarva (small juvenile) (Hayashi & Hamano , 1984; Jalihal et al., 1993) . To sustain extended incubation and embryonic development before hatching in these species, mature oocytes (eggs) must contain considerable yolk. Thus, females with abbreviated larval development (ALD) spawn relatively few, large eggs ( fig. 1 ). At the other extreme in the life history spectrum of freshwater shrimps are amphidromous species, whose larvae require development in saline waters. Larval development occurs in the brackish water of estuaries and coastal bays or in the open sea. In amphidromous species, females spawn many small eggs which hatch at a much less advanced larval stage than those of species with abbreviated or direct development, and larval development is extended, with several stages ( fig. 1 ) and is marine planktonic (Bauer, 2004) . Amphidromy is defined as a life history cycle in which there are recurring migrations between fresh water and the sea for purposes other than reproduction (McDowall, 2007) . In amphidromous freshwater shrimps, principally found in the caridean families Atyidae, Xiphocarididae, and Palaemonidae (primarily Macrobrachium spp.), females live, breed, and spawn in fresh water but the larvae must go to the sea for development. Larvae may simply be hatched and released in the upstream habitat, using river flow to drift to the sea. Alternately, females migrate downstream, carrying their brooded embryos nearer to or into coastal bays and estuaries where hatching of embryos to larvae
